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A number of methods have been proposed over the past decade to use geometrical infor-
mation to build field approximations when solving partial differential equations (PDE):
subdivision surfaces [3], implicit surfaces and non-fitted meshes [4], [5] and isogeomet-
ric analysis (IGA) [1]. The latter focuses on streamlining the Computer-Aided Design
(CAD) to Analysis pipeline. In all cases, geometrical information has to be passed to the
numerical approximation used to discretize the field variables.
In IGA, the same spline representation is employed for the geometry and for the field
variables solutions. This has the potential to provide closer integration between geomet-
ric design and numerical analysis since any change in the CAD model is directly inherited
by the field approximation. On the other hand, using the same spline spaces for both
geometry and field approximation creates a constraint which may be unwanted, for exam-
ple when the geometry spline space is not well-suited to approximate the solution of the
PDE, in particular when local mesh refinement is required to capture the solution with a
tractable computational complexity.
We propose a discretization scheme where the spline spaces used for the geometry and
the field variables can be chosen independently. Suppose that the computational do-
main defined on the parametric domain P has the following spline representation σ(u) :=∑
0≤i≤n ciNi(u), where ci ∈ Rm,m = 2, 3, are the control points, Ni(u) are B-spline
basis functions for a given knot vector. The key idea of IGA is to represent the so-
lution field TI(u) with the same spline representation as the computational domain
TI(u) =
∑
0≤i≤n T
I
i Ni(u) where T
I
i are the control variables to be solved. Note that
when h-refinement and p-refinement are performed, the solution field will have the same
parameterization as the refined geometry of the computational domain.
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In the proposed method, the solution field can have a different spline representation
TS(u) =
∑
0≤i≤l T
S
i Mi(u), where T
S
i are the control variables to be solved, and Mi(u)
are basis functions spanning the specified spline space defined on the parametric domain
P , such as B-splines of different degree, PHT-splines, T-splines and the generalized B-
splines. Importantly, the geometry of the computational domain has the same spline
representation as the given CAD boundary, which allows the method to preserve the
potential to realize seamless integration of CAD and Analysis. The method has the
following features: (1) The space of the field variables is independent from that of the
geometry of the domain. The method is thus applicable to arbitrary domains with spline
representation. (2) It is possible to flexibly choose between different spline spaces with
different properties to better represent the solution of the PDE, e.g. the continuity of
the solution field. (3) Refinement operations by knot insertion and degree elevation are
performed directly on the spline space of the solution field, independently of the spline
space of the geometry of the domain, i.e. the parameterization of the given geometry is
not altered during the refinement process. Hence, the initial design can be optimized in
the subsequent shape optimization stage without constraining the geometry discretization
space to conform to the field approximation space.
We present preliminary results based on PHT-spline [2] descriptions for two-dimensional
heat-conduction.
Remark: A very similar idea was discussed at the 2013 CISM course on Isogeometric
Analysis http://www.cism.it/courses/C1301/ by Prof. Gernot Beer, and is also known
as “Generalised Isogeometric Analysis.”
REFERENCES
[1] T.J.R. Hughes, J.A. Cottrell, Y. Bazilevs. Isogeometric analysis: CAD, finite ele-
ments, NURBS, exact geometry, and mesh refinement. Computer Methods in Applied
Mechanics and Engineering, 194(2005) 4135-4195.
[2] J. Deng, F. Chen, X. Li, C. Hu, W. Tong, Z. Yang et al. Polynomial splines over
hierarchical T-meshes. Graphical Models, 74(2008) 76-86
[3] F. Cirak, M. Ortiz, P. Schroder. Subdivision surfaces: a new paradigm for thin-shell
finite-element analysis. International Journal for Numerical Methods in Engineering,
47 (12), 2039-2072
[4] N. Moe¨s, M. Cloirec, P.Cartraud, J.F. Remacle. A computational approach to handle
complex microstructure geometries. Computer Methods in Applied Mechanics and
Engineering, 192(28), 3163–3177
[5] M. Moumnassi, S. Belouettar, E. Be´chet, S.P.A. Bordas, D. Quoirin, M.Potier-Ferry.
Finite element analysis on implicitly defined domains: An accurate representation
based on arbitrary parametric surfaces. Computer Methods in Applied Mechanics
and Engineering, 200(5), 774–796
2
